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©  System  for  supporting  a  vessel. 
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©  Vessel  structural  support  system  for  laterally  and 
vertically  supporting  a  vessel  (20),  such  as  a  nuclear 
steam  generator  (20)  having  an  exterior  bottom  sur- 
face  (40)  and  a  side  surface  (70)  thereon.  The  sys- 
tem  includes  a  bracket  (120,  300,  320)  connected  to 
the  bottom  surface  (40).  A  support  column  (160,  270) 
is  pivotally  connected  to  the  bracket  (40)  for  verti- 
cally  supporting  the  steam  generator  (20).  The  sys- 
tem  also  includes  a  base  pad  assembly  (340)  con- 
nected  pivotally  to  the  support  column  (160,  270)  for 
supporting  the  support  column  (160,  270)  and  the 
steam  generator  (20).  The  base  pad  assembly  (340), 
which  is  capable  of  being  brought  to  a  level  position 
by  turning  leveling  nuts  (490),  is  anchored  to  a  floor 
(95).  The  system  further  includes  a  male  key  mem- 
ber  (540)  attached  to  the  side  surface  (70)  of  the 
steam  generator  (20)  and  a  female  stop  member 
(560)  attached  to  an  adjacent  wall  (570).  The  male 
key  member  (540)  and  the  female  stop  member 
(560)  coact  to  laterally  support  the  steam  generator 
(20).  Moreover,  the  system  includes  a  snubber  as- 
sembly  (580)  connected  to  the  side  surface  (70)  of 
the  steam  generator  (20)  and  also  attached  to  the 
adjacent  wall  (570)  for  dampening  lateral  movement 
of  the  steam  generator  (20).  In  addition,  the  system 
includes  a  restraining  member  of  "flat"  (600)  at- 
tached  to  the  side  surface  (70)  of  the  steam  gener- 

ator  (20)  and  a  bumper  (610)  attached  to  the  adja- 
cent  wall  (570).  The  flat  (600)  and  the  bumper  (610) 
coact  to  further  laterally  support  the  steam  generator 
(20). 

FIG.l 
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BACKGROUND 

This  invention  generally  relates  to  a  system  for 
supporting  a  vessel  and  more  particularly  relates  to 
a  lateral  and  vertical  support  system  for  a  nuclear 
steam  generator. 

A  support  system  for  a  J-shaped  steam  gener- 
ator  for  use  with  a  liquid  metal-cooled  nuclear 
reactor  is  disclosed  in  U.S.  patent  4,688,628  issued 
August  25,  1987  to  James  E.  Moldenhauer  and 
entitled  "Steam  Generator  Support  System".  This 
patent  discloses  a  device  comprising  a  lower  sup- 
port  assembly  located  directly  underneath  a  steam 
generator  assembly  to  provide  vertical  support. 
This  patent  also  discloses  horizontal  support  as- 
semblies  located  adjacent  an  upper  portion  and 
lower  portion  of  the  steam  generator  assembly  to 
provide  support  in  the  "X  direction."  However,  this 
patent  does  not  appear  to  disclose  means  for  verti- 
cally  supporting  a  vessel  in  combination  with  lateral 
support  means  for  laterally  supporting  the  vessel 
and  means  for  limiting  lateral  movement  of  the 
vessel.  In  addition,  this  patent  does  not  appear  to 
disclose  a  vessel  support  system  that  allow  access 
to  structures  that  may  be  adjacent  to  the  vessel. 
Moreover,  this  patent  does  not  appear  to  disclose  a 
vessel  support  system  capable  of  reducing  or 
eliminating  the  overturning  moments  that  may  act 
on  vessel  vertical  supports  during  seismic  loading. 

Therefore,  a  problem  in  the  art  has  been  to 
provide  means  for  vertically  supporting  a  vessel  in 
combination  with  lateral  support  means  for  laterally 
supporting  the  vessel  and  means  for  limiting  lateral 
movement  of  the  vessel. 

Another  problem  in  the  art  has  been  to  reduce 
the  number  of  support  columns  to  provide  im- 
proved  access  to  structures  that  may  be  adjacent 
to  the  vessel. 

Yet  another  problem  in  the  art  has  been  to 
substantially  reduce  or  eliminate  the  overturning 
moments  that  may  act  on  vessel  vertical  supports. 

An  object  of  the  present  invention  is  to  provide 
a  structural  support  system  for  vertically  supporting 
a  vessel,  for  laterally  supporting  the  vessel,  for 
limiting  lateral  movement  of  the  vessel. 

SUMMARY  OF  THE  INVENTION 

With  these  objects  in  view,  the  present  inven- 
tion  resides  in  a  system  for  supporting  a  vessel 
(20)  having  a  bottom  surface  (40)  and  a  side  sur- 
face  (70),  characterized  by:  (a)  a  vertical  support 
(90)  connected  to  the  bottom  surface  (40)  for  verti- 
cally  supporting  the  vessel  (20);  (b)  an  upper  sup- 
port  (100)  connected  to  and  disposed  adjacent  to 
the  side  surface  (70)  for  laterally  supporting  the 
vessel  (20);  and  (c)  a  dampener  (110)  attached  to 
the  side  surface  for  dampening  lateral  movement  of 

the  vessel. 
A  feature  of  the  present  invention  is  the  provi- 

sion  of  a  single  support  column  pivotally  connected 
at  one  end  thereof  to  a  vessel  to  be  vertically 

5  supported  and  pivotally  connected  at  the  other  end 
thereof  to  a  base  pad  assembly,  so  that  the  sup- 
port  column  is  not  subject  to  overturning  moments. 

Another  feature  of  the  present  invention  is  the 
provision  of  a  base  pad  assembly  pivotally  con- 

io  nected  to  one  end  of  the  support  column,  wherein 
the  base  pad  assembly  is  capable  of  being  ad- 
justed  or  brought  to  a  level  position  (i.e.,  per- 
pendicular  to  the  normal  vertical  axis  of  the  vessel) 
with  respect  to  a  floor  in  which  the  base  pad 

75  assembly  is  anchored. 
An  advantage  of  the  invention  is  that  the  single 

support  column  allows  improved  access  to  struc- 
tures  adjacent  the  vessel. 

20  DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

The  invention  will  become  more  readily  appar- 
ent  from  the  following  description  of  the  preferred 
embodiments  thereof  shown,  by  way  of  example 

25  only,  in  the  accompanying  drawings,  wherein: 
Figure  1  is  a  perspective  view  of  a  nuclear 
steam  generator  and  a  vessel  structural  support 
system  connected  thereto; 
Figure  2  illustrates  a  support  column  pivotally 

30  connected  to  the  steam  generator  and  a  base 
pad  assembly  pivotally  connected  to  the  support 
column; 
Figure  3  illustrates  a  bracket  connected  to  and 
depending  from  the  bottom  surface  of  the  steam 

35  generator  for  connecting  the  support  column  to 
the  steam  generator; 
Figure  4  illustrates  the  bracket  and  steam  gener- 
ator  taken  along  section  line  IV-IV  of  Figure  3; 
Figure  5  is  a  view  in  partial  vertical  section  of 

40  the  support  column  connected  to  the  bracket; 
Figure  6  is  a  view  in  horizontal  section  of  the 
support  column  taken  along  section  line  VI-VI  of 
Figure  5; 
Figure  7  is  another  view  of  the  support  column 

45  taken  along  section  VII-VII  of  Figure  5; 
Figure  8  is  a  view  in  partial  vertical  section  of  an 
alternative  embodiment  of  the  support  column; 
Figure  9  is  a  view  in  horizontal  section  of  the 
alternative  embodiment  of  the  support  column 

50  taken  along  section  line  IX-IX  of  Figure  8; 
Figure  10  illustrates  an  alternative  embodiment 
of  the  bracket; 
Figure  1  1  is  a  view  in  partial  vertical  section  of 
the  alternative  embodiment  of  the  bracket  taken 

55  along  section  line  XI-XI  of  Figure  10; 
Figure  12  is  a  view  in  partial  horizontal  section 
of  the  alternative  embodiment  of  the  bracket 
taken  along  section  line  XII-XII  of  Figure  10; 
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Figure  13  is  a  view  of  a  second  alternative 
embodiment  of  the  bracket; 
Figure  14  is  another  view  in  partial  vertical  sec- 
tion  of  the  second  alternative  embodiment  of  the 
bracket  having  the  support  column  connected 
thereto; 
Figure  15  is  a  plan  view  of  a  base  pad  assem- 
bly; 
Figure  16  is  a  view  in  partial  vertical  section  of 
the  base  pad  assembly  disposed  in  a  level 
position  and  anchored  in  a  floor; 
Figure  17  is  another  view  of  the  base  pad  as- 
sembly  disposed  in  a  level  position  and  an- 
chored  in  the  floor; 
Figure  18  is  a  view  along  section  line  XVIII-XVIII 
of  Figure  1  illustrating  upper  support  means  for 
laterally  supporting  the  steam  generator  and  il- 
lustrating  snubber  assemblies  for  limiting  lateral 
movement  of  the  steam  generator,  which  steam 
generator  is  shown  with  parts  removed  for  clar- 
ity;  and 
Figure  19  is  a  view  along  section  line  XIX-XIX  of 
Figure  1  illustrating  lower  support  means  for 
further  laterally  supporting  the  steam  generator. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT(S) 

Referring  to  Figs.  1  and  2,  there  is  shown  a 
vertically-oriented  vessel  or  nuclear  steam  gener- 
ator  20  for  producing  steam.  Steam  generator  20 
has  a  generally  bowl-shaped  lower  portion  30  that 
has  a  generally  horizontal  exterior  bottom  surface 
40  thereon.  Steam  generator  20,  which  is  in  fluid 
communication  with  a  heat  source  (not  shown) 
such  as  a  nuclear  reactor  core,  also  includes  a 
generally  cylindrical  intermediate  portion  50  integ- 
rally  attached  to  lower  portion  30.  Moreover,  steam 
generator  20  has  a  generally  cylindrical  upper  por- 
tion  60  integrally  attached  to  intermediate  portion 
50.  Intermediate  portion  50  and  upper  portion  60 
have  a  vertical  exterior  side  surface  70.  Attached  to 
lower  portion  30  of  steam  generator  20  are  a  plural- 
ity  of  pumps  75  which  are  also  attached  to  primary 
loop  piping  77  for  pumping  fluid  (e.g.,  water) 
through  piping  77  and  steam  generator  20  such 
that  steam  generator  20  produces  steam  in  a  man- 
ner  well  known  in  the  art.  A  nuclear  steam  gener- 
ator  suitable  for  use  with  the  present  invention  may 
be  of  the  type  associated  with  the  600  Megawatt 
Advanced  Power  Water  Reactor  which  is  available 
from  the  Westinghouse  Electric  Corporation  located 
in  Pittsburgh,  Pennsylvania. 

Still  referring  to  Figs.  1  and  2,  there  is  shown 
the  subject  matter  of  the  present  invention,  which  is 
a  vessel  structural  support  system,  generally  re- 
ferred  to  as  80,  connected  to  steam  generator  20 
for  supporting  steam  generator  20.  Support  system 

80  generally  comprises  means  90  connected  to 
bottom  surface  40  for  vertically  supporting  steam 
generator  20,  upper  support  means  100  connected 
to  and  disposed  adjacent  to  side  surface  70  for 

5  laterally  supporting  steam  generator  20,  means  110 
attached  to  upper  support  means  100  for  limiting 
lateral  movement  of  steam  generator  20,  and  lower 
support  means  590  connected  to  and  disposed 
adjacent  to  side  surface  70  for  further  laterally 

io  supporting  steam  generator  20.  As  disclosed  more 
fully  hereinbelow,  vertical  support  means  90  is  an- 
chored  in  a  floor  95  located  beneath  steam  gener- 
ator  20,  which  floor  95  may  rest  on  a  foundation  96 
disposed  therebeneath. 

is  Referring  now  to  Figs.  2,  3,  4,  5,  6,  and  7, 
vertical  support  means  90  comprises  a  bracket  120 
integrally  attached  to  and  depending  from  bottom 
surface  40.  Bracket  120  may  be  attached  to  bottom 
surface  40  by  welding.  As  best  seen  in  Fig.  4, 

20  bracket  120  is  disposed  in  an  off-center  position, 
with  respect  to  the  longitudinal  vertical  axis  extend- 
ing  through  steam  generator  20,  for  limiting  bend- 
ing  stresses  in  bracket  120.  Bracket  120  has  a 
circular  hole  130  therethrough  for  reasons  dis- 

25  closed  hereinbelow.  Matingly  disposed  in  hole  130 
is  a  generally  spherical  first  bearing  140  having  a 
passage  150  therethrough.  As  described  in  more 
detail  hereinbelow,  a  vertical  support  member  or 
support  column  160  is  pivotally  connected  to 

30  bracket  120  for  vertically  pivotally  supporting  steam 
generator  20.  Support  column  160  has  a  cross- 
sectional  configuration  sized  to  suitably  bear  antici- 
pated  vertical  loads.  Support  column  160  has  a 
distal  end  portion  170  and  a  proximal  end  portion 

35  180.  It  will  be  appreciated  that,  as  referred  to 
herein,  the  term  "proximal  end  portion"  is  defined 
as  that  portion  nearer  to  floor  95  and  the  term 
"distal  end  portion"  is  defined  as  that  portion  far- 
ther  away  from  floor  95. 

40  As  illustrated  in  Figs.  2,  3,  4,  5,  6  and  7,  the 
distal  end  portion  170  of  support  column  160  in- 
cludes  a  first  plate  member  190  and  a  second  plate 
member  200.  Second  plate  member  200  is  spaced- 
apart  from  and  disposed  parallel  to  first  plate  mem- 

45  ber  190.  First  plate  member  190  and  second  plate 
member  200  each  has  a  transverse  circular  first 
bore  210  therethrough  capable  of  being  co-axially 
and  co-linearly  aligned  with  passage  150  of  bearing 
140.  Attached  to  the  proximal  ends  of  first  plate 

50  member  190  and  second  plate  member  200  and 
disposed  perpendicular  thereto  is  an  elongated 
generally  rectangular  third  plate  member  220.  Also 
attached  to  the  proximal  ends  of  first  plate  member 
190  and  second  plate  member  200  and  disposed 

55  perpendicular  thereto  is  an  elongated  generally 
rectangular  fourth  plate  member  230.  Third  plate 
member  220  and  fourth  plate  member  230  depend 
from  the  proximal  ends  of  first  plate  member  190 
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and  second  plate  member  200.  It  thus  will  be 
understood  that  fourth  plate  member  230  is  dis- 
posed  parallel  to  third  plate  member  220.  More- 
over,  a  fifth  plate  member  240  is  attached  to  the 
proximal  ends  of  third  plate  member  220  and  fourth 
plate  member  230  and  is  disposed  perpendicular 
thereto.  Fifth  plate  member  240  depends  from  the 
proximal  ends  of  third  plate  member  220  and  fourth 
plate  member  230  and  has  a  transverse  circular 
second  bore  250  therethrough.  For  reasons  pro- 
vided  more  fully  hereinbelow,  second  bore  250  has 
a  generally  spherical  second  bearing  260  matingly 
disposed  therein.  Second  bearing  260  has  passage 
150  therethrough.  Fifth  plate  member  240,  which 
defines  proximal  end  portion  180  of  support  col- 
umn  160,  has  a  tapered  end  portion  265  for  rea- 
sons  disclosed  hereinbelow. 

Referring  to  Figs.  8  and  9,  there  is  shown  an 
alternative  embodiment  of  support  column  160,  re- 
ferred  to  in  Figs.  8  and  9  as  support  column  270. 
Support  column  270  is  generally  cylindrical  in 
transverse  cross  section  and  has  a  groove  280 
transversely  through  a  distal  end  portion  290  there- 
of  for  receiving  bracket  120. 

Referring  to  Figs.  10,  11,  and  12,  there  is 
shown  an  alternative  embodiment  of  bracket  120, 
referred  to  in  Figs.  10,  11,  and  12  as  bracket  300. 
In  this  alternative  embodiment,  bracket  300  is  in- 
tegrally  attached  to  bottom  surface  40  by  a  plural- 
ity  of  screws  310  rather  than  by  weldments. 

Referring  to  Figs.  13  and  14,  there  is  shown 
yet  another  alternative  embodiment  of  bracket  120, 
referred  to  in  Figs.  13  and  14  as  bracket  320.  In 
this  alternative  embodiment,  bracket  320  is  at- 
tached  (such  as  by  welding)  to  and  depends  from 
bottom  surface  40  and  includes  a  plurality  of  tines 
330  each  having  a  hole  335  transversely  thereth- 
rough.  Matingly  disposed  in  each  hole  335  is  first 
bearing  140.  In  this  alternative  embodiment  of  the 
invention,  bracket  320  has  tines. 

As  seen  in  Figs.  2,  15,  16  and  17  a  base  pad 
assembly,  generally  referred  to  as  340  and  which 
belongs  to  vertical  support  means  90  is  pivotally 
connected  to  proximal  end  portion  180  of  support 
column  160  for  vertically  pivotally  supporting  sup- 
port  column  160  and  steam  generator  20.  Base  pad 
assembly  340  comprises  a  generally  rectangular 
base  plate  350  capable  of  resting  on  floor  95.  A 
first  front  plate  360,  which  is  spaced  inwardly  from 
a  marginal  edge  370  of  base  plate  350,  is  integrally 
attached  to  base  plate  350  and  upwardly  extends 
therefrom.  First  front  plate  360  has  a  circular  hole 
380  transversely  therethrough  co-linearly  alignable 
with  passage  150  formed  in  second  bearing  260.  A 
second  front  plate  390,  which  is  spaced  inwardly 
from  a  marginal  edge  400  of  base  plate  350,  is 
integrally  attached  to  base  plate  350  and  upwardly 
extends  therefrom.  Second  front  plate  390,  which  is 

spaced-apart  from  first  front  plate  360,  also  has  the 
circular  hole  380  transversely  therethrough  which  is 
co-linearly  alignable  with  passage  150  formed  in 
second  bearing  260.  First  front  plate  360  and  sec- 

5  ond  front  plate  390  are  each  outwardly  canted  on 
the  inboard  side  thereof  and  at  the  distal  end 
portion  thereof  for  easily  slidably  receiving  tapered 
proximal  end  portion  180  of  support  column  160. 
Base  pad  assembly  340  further  comprises  a  first 

io  side  plate  410  integrally  attached  to  base  plate  350 
and  upwardly  extending  therefrom.  First  side  plate 
410,  which  is  disposed  perpendicularly  to  first  front 
plate  360  and  to  second  front  plate  390,  extends 
along  a  marginal  edge  400  of  base  plate  350.  A 

is  second  side  plate  430  is  integrally  attached  to  base 
plate  350  and  upwardly  extends  therefrom.  Second 
side  plate  430,  which  is  disposed  parallel  to  first 
side  plate  410,  extends  along  a  marginal  edge  440 
of  base  plate  350. 

20  Still  referring  to  Figs.  2,  15,  16  and  17,  a 
plurality  of  blocks  450  are  connected  to  base  plate 
350  for  reasons  disclosed  presently.  In  the  pre- 
ferred  embodiment,  four  blocks  450  are  provided 
(see  Fig.  16).  Two  of  the  blocks  450  of  the  pre- 

25  ferred  embodiment  are  each  disposed  on  the  top 
surface  of  base  plate  350,  one  on  the  outboard 
side  of  first  front  plate  360  and  the  other  on  the 
outboard  side  of  second  front  plate  390.  The  re- 
maining  two  blocks  450  are  each  disposed  on  the 

30  underside  of  base  plate  350  and  are  each  co- 
linearly  aligned  with  its  corresponding  block  450 
disposed  on  the  top  surface  of  base  plate  350. 
Formed  through  each  block  450  and  through  base 
plate  350  is  a  bore  460  for  receiving  a  threaded 

35  anchor-bolt  leveler  470  therethrough.  Each  anchor- 
bolt  leveler  470  has  a  distal  end  portion  and  a 
proximal  end  portion,  which  proximal  end  portion  is 
embedded  in  floor  95.  Threadably  engaging  the 
distal  end  portion  of  each  anchor-bolt  leveler  470  is 

40  a  threaded  fastener  nut  480  capable  of  being  run- 
down  anchor-bolt  leveler  470  for  anchoring  base 
pad  assembly  340  to  floor  95.  Moreover,  threadab- 
ly  engaging  the  proximal  end  portion  of  each 
anchor-bolt  leveler  470  may  be  a  leveler  nut  490 

45  for  adjusting  base  pad  assembly  340  so  that  it  is 
level  (i.e.,  perpendicular  to  the  normal  vertical  axis 
of  steam  generator  20)  with  respect  to  floor  95.  In 
the  preferred  embodiment,  the  proximal  end  of 
each  anchor-bolt  leveler  470  abuts  foundation  96. 

50  Thus,  each  leveler  nut  490  may  be  selectively 
turned  so  that  it  is  run-up  or  run-down  anchor-bolt 
leveler  470  to  raise  and  lower  base  plate  350  for 
adjusting  base  pad  assembly  340  so  that  it  is  level. 
Thus,  it  will  be  appreciated  that  anchor-bolt  levelers 

55  470,  associated  fastener  nuts  480  and  leveler  nuts 
490  are  capable  of  anchoring  base  pad  assembly 
340  in  floor  95  and  are  also  capable  of  leveling 
base  pad  assembly  340  with  respect  to  floor  95. 

4 
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Returning  to  Figs.  2,  3,  5,  and  7,  a  generally 
cylindrical  first  pivot  pin  500  extends  through  first 
bore  210  of  support  column  160,  through  passage 
150  of  first  bearing  140  and  through  hole  130  of 
bracket  120  for  pivotally  connecting  distal  end  por- 
tion  170  of  support  column  160  to  bracket  120. 
Extending  transversely  through  one  end  of  first 
pivot  pin  500  and  connected  thereto  may  be  an 
elongated  generally  cylindrical  rod-like  first  fastener 
510.  Moreover,  extending  transversely  through  the 
other  end  of  first  pivot  pin  500  and  connected 
thereto  may  be  another  rod-like  first  fastener  510. 
First  fasteners  510  assist  in  maintaining  first  pivot 
pin  500  substantially  in-place  (i.e.,  substantially  sta- 
tionary)  so  that  first  pivot  pin  500  will  not  laterally 
translate  through  first  bore  210,  through  passage 
150  and  through  hole  130.  In  this  manner,  support 
column  160  will  remain  pivotally  connected  to 
bracket  120.  Moreover,  a  generally  cylindrical  sec- 
ond  pivot  pin  520  extends  through  second  bore 
250  of  support  column  160,  through  passage  150 
of  second  bearing  260  and  through  hole  380  of  first 
front  plate  360  and  second  front  plate  390  for 
pivotally  connecting  proximal  end  portion  180  of 
support  column  160  to  base  pad  assembly  340. 
Extending  transversely  through  one  end  of  second 
pivot  pin  520  and  connected  thereto  is  an  elon- 
gated  generally  cylindrical  rod-like  second  fastener 
530.  Moreover,  extending  transversely  through  the 
other  end  of  second  pivot  pin  520  and  connected 
thereto  is  another  second  fastener  530.  Second 
fasteners  530  assist  in  maintaining  second  pivot  pin 
520  substantially  in-place  (i.e.,  substantially  station- 
ary)  so  that  second  pivot  pin  520  will  not  laterally 
translate  through  second  bore  250,  through  pas- 
sage  150  and  through  hole  380.  In  this  manner, 
support  column  160  will  remain  pivotally  connected 
to  base  pad  assembly  190. 

Returning  now  to  Figs.  1  and  18,  there  is 
shown  upper  support  means  100  comprising  an 
elongated  male  key  member  540  connected  by 
attachment  member  545  to  side  surface  70  of 
steam  generator  20,  which  attachment  member  545 
is  itself  integrally  attached  to  side  surface  70.  Male 
key  540  extends  outwardly  from  side  surface  70  for 
engaging  a  complementary  recessed  keyway  550 
formed  in  a  female  stop  member  560  attached  to 
an  adjacent  wall  570.  Of  course,  female  stop  mem- 
ber  560  is  disposed  adjacent  male  key  540.  In  the 
preferred  embodiment  of  the  invention,  there  are 
two  sets  of  upper  support  means  each  set  compris- 
ing  one  female  stop  member  560,  one  male  key 
540  and  one  associated  attachment  member  545. 
In  the  preferred  embodiment  of  the  invention,  one 
set  (i.e.,  one  female  stop  member,  one  male  key 
540  and  one  attachment  member  545)  is  disposed 
on  an  axis  180  degrees  with  respect  to  the  other 
set.  It  will  be  appreciated  that  as  upper  portion  60 

of  steam  generator  20  laterally  moves  in  either 
direction  along  this  axis,  male  key  540  will  engage 
recessed  keyway  550  and  abut  the  rear  portion  of 
recess  keyway  550  so  that  steam  generator  20  is 

5  laterally  supported  thereby.  Moreover,  it  will  be 
appreciated  that  each  recessed  keyway  550  func- 
tions  as  a  guide  to  abate  or  mitigate  any  to-and-fro 
rocking  motion  of  steam  generator  20  (i.e.,  rocking 
motion  not  along  the  axis  referred  to  immediately 

io  hereinabove). 
Referring  again  to  Figs.  1  and  18,  there  is 

illustrated  limit  means  110  for  limiting  the  lateral 
movement  of  steam  generator  20.  Limit  means  110 
includes  a  snubber  assembly  580  connected  to 

is  attachment  member  545  at  one  end  thereof  and 
attached  to  adjacent  wall  570  at  the  other  end 
thereof.  In  the  preferred  embodiment  of  the  inven- 
tion,  there  are  two  snubber  assemblies  580.  In  the 
preferred  embodiment  of  the  invention,  the  two 

20  snubber  assemblies  580  are  arranged  in  spaced- 
apart  parallel  trains.  Moreover,  each  of  the  two 
trains  is  disposed  90  degrees  with  respect  to  the 
axis  extending  through  male  key  540  and  its  asso- 
ciated  female  stop  member  560.  Snubber  assem- 

25  blies  580  dampen  or  limit  the  lateral  movement  of 
steam  generator  20  as  steam  generator  20  laterally 
moves  in  a  direction  perpendicular  to  the  axis 
extending  through  male  key  540  and  female  stop 
member  560.  Thus,  it  will  be  appreciated  that 

30  snubber  assemblies  580  function  as  shock  sup- 
pressors  for  abating  or  mitigating  movement  of 
steam  generator  20  along  an  axis  parallel  to  the 
axes  of  the  snubber  trains. 

Referring  to  Figs.  1  and  19,  there  is  shown 
35  lower  support  means  590  comprising  a  restraining 

member  or  "flat"  600  integrally  attached  to  side 
surface  70  of  intermediate  portion  50  which  be- 
longs  to  steam  generator  20.  Flat  600  extends 
outwardly  from  side  surface  70  for  abutting  a 

40  bumper  610  attached  to  adjacent  wall  570.  Of 
course,  bumper  610  is  disposed  adjacent  flat  600. 
In  the  preferred  embodiment  of  the  invention,  there 
are  two  sets  of  lower  support  means  590  each 
comprising  one  flat  600  and  one  bumper  610.  One 

45  set  (i.e.,  one  flat  600  and  one  bumper  610)  is 
disposed  on  an  axis  180  degrees  with  respect  to 
the  other  set.  It  will  be  appreciated  that  as  inter- 
mediate  portion  50  of  steam  generator  20  laterally 
moves  in  either  direction  along  this  axis,  flat  600 

50  will  abut  against  and  engage  bumper  610  so  that 
steam  generator  20  is  laterally  supported  thereby. 

OPERATION 

55  During  operation,  structural  support  system  80 
will  provide  vertical  and  lateral  support  for  steam 
generator  20  and  will  also  dampen  or  limit  the 
lateral  movement  of  steam  generator  20. 

5 
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As  described  hereinabove,  base  pad  assembly 
340  is  adjustable  for  allowing  base  pad  340  to  be 
disposed  level  (i.e.,  perpendicular  to  the  normal 
vertical  axis  of  steam  generator  20)  with  respect  to 
floor  95.  In  this  regard,  base  pad  340  may  be 
disposed  on  a  foundation  96  such  that  the  proximal 
ends  of  anchor-bolt  levelers  470  rest  on  the  top 
surface  of  foundation  96.  If  necessary,  leveler  nuts 
490  are  rotated  or  threadably  run-up  or  run-down 
anchor-bolt  levelers  470  by  a  suitable  wrench  (not 
shown)  such  that  base  plate  350  is  level.  It  will  be 
appreciated  that  when  base  plate  350  is  level,  base 
pad  assembly  340  is  also  level.  As  base  pad  as- 
sembly  340  rests  on  foundation  96,  a  distance  will 
be  defined  between  foundation  96  and  base  plate 
350.  This  distance  between  foundation  96  and  base 
plate  350  may  be  filled  by  a  suitable  grout  or  the 
like  to  form  floor  95  such  that  base  pad  assembly 
340  is  imbedded  in  floor  95  and  is  level  therewith. 
Fastener  nuts  480  are  threadably  run-down  anchor- 
bolt  levelers  470  for  fastening  or  tightening  base 
pad  assembly  340  to  floor  95.  In  this  manner,  base 
pad  assembly  340  will  be  anchored  in  and  tight- 
ened  against  floor  95  such  that  it  will  not  substan- 
tially  move  when  subjected  to  vertical  and/or  lateral 
loads. 

After  base  pad  assembly  340  is  suitably  level 
and  anchored  to  floor  95,  support  column  160  may 
be  pivotally  connected  thereto.  In  this  regard,  proxi- 
mal  end  portion  180  of  support  column  160  is 
slidably  interposed  between  first  front  plate  360 
and  second  front  plate  390.  The  outwardly  canted 
distal  end  portions  of  first  front  plate  360  and 
second  front  plate  390  allow  tapered  proximal  end 
portion  180  to  be  easily  slidably  interposed  or 
inserted  between  first  front  plate  360  and  second 
front  plate  390.  Second  pivot  pin  520  is  disposed 
through  holes  380  formed  in  first  front  plate  360 
and  second  front  plate  390,  through  passage  150 
of  second  bearing  520,  and  through  second  bore 
250  of  support  column  160  for  connecting  support 
column  160  to  base  pad  assembly  340.  Second 
pivot  pin  520  and  second  bearing  520  allow  sup- 
port  column  160  to  smoothly  slidably  pivot  on 
second  bearing  520  about  a  longitudinal  axis  ex- 
tending  through  second  pivot  pin  520.  Thus,  sup- 
port  column  160  is  capable  of  pivoting  in  an  arc 
perpendicular  to  the  longitudinal  axis  of  second 
pivot  pin  520.  Second  fasteners  530,  which  are 
transversely  extended  through  the  ends  of  second 
pivot  pin  520,  ensure  that  second  pivot  pin  520  will 
not  pass  through  proximal  end  portion  180  of  sup- 
port  column  160.  In  this  manner,  proximal  end 
portion  180  of  support  column  160  will  remain 
pivotally  connected  to  base  pad  assembly  340. 

As  disclosed  hereinabove,  distal  end  portion 
170  of  support  member  160  is  pivotally  connected 
to  steam  generator  20.  In  this  regard,  distal  end 

portion  170  is  positioned  such  that  first  plate  mem- 
ber  190  and  second  plate  member  200  belonging 
to  support  column  160  are  disposed  on  opposite 
sides  of  bracket  120.  That  is,  first  bore  210  formed 

5  in  distal  end  portion  170  is  co-linearly  aligned  with 
passage  150  formed  in  first  bearing  140.  First  pivot 
pin  500  is  then  disposed  through  first  bores  210  of 
distal  end  portion  170,  through  passage  150  in  first 
bearing  140,  and  through  hole  130  of  bracket  120 

io  for  pivotably  connecting  support  column  160  to 
steam  generator  20.  First  pivot  pin  500  and  first 
bearing  140  allow  support  column  160  to  smoothly 
slidably  pivot  on  first  bearing  140  about  a  longitudi- 
nal  axis  extending  through  first  pivot  pin  500.  Thus, 

is  support  column  160  is  capable  of  pivoting  in  an  arc 
perpendicular  to  the  longitudinal  axis  of  first  pivot 
pin  500. 

As  disclosed  hereinabove,  upper  support 
means  100  is  connected  to  steam  generator  20  for 

20  laterally  supporting  steam  generator  20.  In  this 
regard,  male  key  540  will  engage  keyway  550 
belonging  to  female  stop  member  560  as  steam 
generator  20  moves  laterally.  Eventually,  male  key 
540  will  abut  the  rear  portion  of  keyway  550  of 

25  female  stop  member  560  for  stopping  the  lateral 
movement  of  steam  generator.  Moreover,  each  re- 
cessed  keyway  550  will  function  as  a  guide  to 
abate  or  mitigate  any  to-and-fro  motion  of  steam 
generator  20. 

30  As  disclosed  hereinabove,  lower  support 
means  590  is  connected  to  steam  generator  20  for 
further  laterally  supporting  steam  generator  20.  In 
this  regard,  flat  600  will  abut  against  and  engage 
bumper  610  as  steam  generator  20  moves  laterally. 

35  Moreover,  as  disclosed  hereinabove,  limit 
means  110  is  connected  to  steam  generator  10  for 
dampening  or  limiting  lateral  movement  of  steam 
generator  10.  In  this  regard,  snubber  assemblies 
580  are  disposed  such  that  they  will  dampen  or 

40  limit  the  lateral  movement  of  steam  generator  10. 
It  should  be  apparent  from  the  teachings  dis- 

closed  herein  that  the  single  support  column  160  of 
the  present  invention  allows  for  savings  in  material 
and  fabrication  costs  when  compared  to  prior  art 

45  multiple  support  column  configurations.  That  is, 
fewer  support  columns,  anchoring  pads,  spherical 
bearings,  and  floor  attachment  bolts  are  required  in 
the  present  invention  than  are  required  in  prior  art 
support  devices. 

50  In  addition,  when  compared  to  prior  art  support 
devices,  single  support  column  160  of  the  present 
invention  improves  access  to  structures  located  in 
the  space  adjacent  lower  portion  30  of  steam  gen- 
erator  10.  For  example,  the  single  column  design 

55  provides  improved  access  for  manway  cover  (not 
shown)  removal  and  installation,  inspection  of  the 
channel  head  to  tubesheet  weld  (not  shown),  and 
inspection  of  pumps  75.  Improved  access  nec- 
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essarily  reduces  the  time  required  to  perform  in- 
spection  and  maintenance  of  steam  generator  20, 
thereby  also  resulting  in  reduced  accumulated  radi- 
ation  dose  to  inspection  and  maintenance  person- 
nel. 

Moreover,  it  is  known  that  primary  loop  piping 
77  will  typically  undergo  thermal  expansion  as  the 
temperature  of  the  primary  fluid  flowing  thereth- 
rough  rises  during  operation  of  the  nuclear  reactor 
core  (not  shown).  As  primary  loop  piping  77  under- 
goes  thermal  expansion,  it  may  move  laterally 
away  from  the  nuclear  reactor  by  approximately 
12.70  to  38.10  mm  depending  on  the  primary  loop 
configuration.  As  primary  loop  piping  77  laterally 
moves,  steam  generator  20  will  laterally  move  to  a 
like  extent.  Moreover,  steam  generator  20  may  be 
subject  to  what  is  termed  in  the  art  as  upset  events 
(e.g.,  postulated  accidents  and  earthquake  seismic 
loading)  which  may  cause  steam  generator  20  to 
vertically  and  laterally  move  and  to  experience  to- 
and-fro  rocking  motion.  It  will  be  appreciated  that, 
in  case  of  either  primary  loop  piping  thermal  ex- 
pansion  or  upset  events,  structural  system  80  will 
vertically  and  laterally  support  steam  generator  20, 
so  that  steam  generator  20  is  not  substantially 
damaged  during  the  upset  event. 

In  addition,  overturning  moments,  which  are 
induced  by  seismic  loading  in  prior  art  steam  gen- 
erator  20  support  devices,  will  not  occur  when  the 
present  invention  is  used  to  support  steam  gener- 
ator  20.  This  is  so  because  steam  generator  20  is 
pivotally  connected  to  support  column  160  by  first 
pivot  pin  500,  which  support  column  160  in  turn  is 
pivotally  connected  to  base  pad  assembly  340  by 
second  pivot  pin  520.  That  is,  movement  of  steam 
generator  20  during  seismic  loading  will  cause  dis- 
tal  end  portion  170  of  support  column  160  to  pivot 
about  first  pivot  pin  500  as  proximal  end  portion 
180  of  support  column  160  pivots  about  second 
pivot  pin  520.  The  direction  of  pivoting  movement 
of  proximal  end  portion  180  will  be  opposite  the 
direction  of  pivoting  movement  of  distal  end  portion 
170.  Therefore,  it  will  be  appreciated  support  col- 
umn  160  will  bear  substantially  all  vertical  loads 
acting  thereon  (e.g.,  the  weight  of  steam  generator 
20,  loadings  due  to  postulated  accidents,  as  well  as 
seismic  loads)  and  will  not  overturn. 

While  the  invention  has  been  described  in  con- 
nection  with  specific  embodiments  thereof,  it  will 
be  understood  that  it  is  capable  of  further  modifica- 
tions.  The  claims  are  intended  to  cover  any  vari- 
ations,  uses  or  adaptations  of  the  invention  follow- 
ing,  in  general,  the  principles  of  the  invention,  and 
including  such  departures  from  the  present  disclo- 
sure  as  come  within  known  and  customary  practice 
within  the  art  to  which  the  invention  pertains.  For 
example,  although  the  disclosure  of  the  invention  is 
made  with  reference  to  a  nuclear  steam  generator, 

the  invention  is  capable  of  being  used  with  any 
similar  structure  requiring  vertical  and  lateral  sup- 
ports.  As  another  modification,  the  support  column 
270  (see  Figs.  8  and  9)  may  be  rectangular  rather 

5  than  cylindrical  and  may  have  a  square  or  rectan- 
gular  transverse  cross-section  rather  than  the  cylin- 
drical  cross-sectional  configuration  disclosed 
hereinabove. 

Therefore,  what  is  provided  is  a  lateral  and 
io  vertical  support  system  for  a  vessel  such  as,  for 

example,  a  nuclear  steam  generator. 

Claims 

is  1.  A  system  for  supporting  a  vessel  (20)  having  a 
bottom  surface  (40)  and  a  side  surface  (70), 
characterized  by: 

(a)  a  vertical  support  (90)  connected  to  the 
bottom  surface  (40)  for  vertically  supporting 

20  the  vessel  (20); 
(b)  an  upper  support  (100)  connected  to  and 
disposed  adjacent  to  the  side  surface  (70) 
for  laterally  supporting  the  vessel  (20);  and 
(c)  a  dampener  (110)  attached  to  the  side 

25  surface  for  dampening  lateral  movement  of 
the  vessel. 

2.  The  system  according  to  claim  2,  wherein  said 
vertical  support  (90)  is  further  characterized 

30  by: 
(a)  a  bracket  (120,  300,  320)  attached  to  the 
bottom  surface  (40)  of  the  vessel  (70);  and 
(b)  a  vertical  support  member  (160,  270) 
pivotally  connected  to  said  bracket  (120, 

35  300,  320). 

3.  The  system  according  to  claim  2,  wherein  said 
vertical  support  (90)  is  further  characterized  by 
a  base  pad  assembly  (340)  connected  pivotally 

40  to  said  vertical  support  member  (160,  270). 

4.  The  system  according  to  claim  3,  wherein  said 
vertical  support  means  (90)  is  further  char- 
acterized  by: 

45  (a)  a  first  pivot  pin  (500)  extending  through 
said  vertical  support  member  (160,  270)  and 
through  said  bracket  (120,  300,  320);  and 
(b)  a  second  pivot  pin  (520)  extending 
through  said  vertical  support  member  (160, 

50  270)  and  through  said  base  pad  assembly 
(340). 

5.  The  system  according  to  claim  1  ,  wherein  said 
upper  support  (100)  is  characterized  by: 

55  (a)  a  key  (540)  attached  to  the  side  surface 
(70)  of  said  vessel  (20);  and 
(b)  a  stop  member  (560)  disposed  adjacent 
said  key  (540),  said  stop  member  (560) 
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having  a  keyway  (550)  therein  for  receiving 
said  key  (540). 

6.  The  system  according  to  claim  1  ,  wherein  said 
dampener  (110)  is  characterized  by  a  snubber  5 
(580)  connected  to  the  side  surface  (70). 

7.  The  system  according  to  claim  1  ,  further  char- 
acterized  by  a  lower  support  (590)  connected 
to  and  disposed  adjacent  to  the  side  surface  10 
(70)  for  laterally  supporting  the  vessel  (20). 

8.  The  system  according  to  claim  7,  wherein  said 
lower  support  (590)  is  characterized  by: 

(a)  a  restraining  member  (600)  attached  to  is 
the  side  surface  (70)  of  said  vessel  (20); 
and 
(b)  a  bumper  (610)  disposed  adjacent  said 
restraining  member  (600). 

20 
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